Photosensitized cleavage of dynein heavy chains. Cleavage at the "V1 site" by irradiation at 365 nm in the presence of ATP and vanadate.
Irradiation of soluble dynein 1 from sea urchin sperm flagella at 365 nm in the presence of MgATP and 0.05-50 microM vanadate (Vi) cleaves the alpha and beta heavy chains (Mr 428,000) at their V1 sites to give peptides of Mr 228,000 and 200,000, without the nonspecific side effects produced by irradiation at 254 nm as described earlier (Lee-Eiford, A., Ow, R. A., and Gibbons, I. R. (1986) J. Biol. Chem. 261, 2337-2342). The decrease in intact heavy chain material is biphasic; in 10 microM Vi, approximately 80% occurs with a half-time of 7 min and the remainder with a half-time of about 90 min, and the yield of cleavage peptides is better than 90%. Loss of dynein ATPase activity appears to be a direct result of the cleavage process and is not significantly affected by the presence of up to 0.1 M cysteamine (CA, 60-23-1) or 2-aminoethyl carbamimidothioic acid dihydrobromide (CA, 56-10-0) as free radical trapping agents. The concentration of Vi required for 50% maximal initial cleavage rate is 4.5 microM, while that for 50% ATPase inhibition is 0.8 microM, both in a 0.6 M NaCl medium. In the presence of 20 microM Vi, CTP and UTP support cleavage at about half the rate of ATP, whereas GTP and ITP support cleavage only if the Vi concentration is raised to about 200 microM. Substitution of any of the transition metal cations Cr2+, Mn2+, Fe2+, or Co2+ for the usual Mg2+ suppresses the photocleavage, presumably by quenching the excited chromophore prior to scission of the heavy chain. The photocleaved dynein 1 binds to dynein-depleted flagella similarly to intact dynein 1, but upon reactivation of the flagella with 1 mM ATP their motility is partially inhibited, rather than being augmented as with intact dynein. These results indicate that Vi acts as a photosensitizing catalyst and suggest that the cleavage proceeds through excitation of Vi bound to dynein at the hydrolytic ATP binding site on each heavy chain, probably in a dynein X MgADP X Vi complex. The exquisite specificity of Vi-sensitized photocleavage will aid the peptide mapping of dynein heavy chains and may be of broader use in studies of protein structure.